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Abstract 
Base the NCEP data and numerical simulation way the initiations of two different convective 
weather scale were comparison studied. The results showed that not only the cold dry air invasion at 
middle level led by the front shear moving southward but also the uplifting caused by air flow 
convergence led by the strengthen westward of the subtropical High can arouse wide range of convective 
weather in Guangxi. The study of the ω equation showed that the contribution of to the vertical velocity is 
different. The contribution to vertical velocity led by deviation of vorticity advection is more than that 
from the temperature advection in cold front shear convective style course. The contribution to vertical 
velocity led by the temperature advection is more than deviation of vorticity advection of the subtropical 
high style. The WRF model simulation results showed that the vertical integrated liquid reflectivity which 
occurred in April is large, so it can lead hail. The water vapor which occurred in July was small, so it led 
damage wind. 
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1. Introduction 
The study results of the Charles [1] have shown that: stratification instability, moisture conditions 
and trigger mechanism were three basic conditions of convection occurring. The Wilson et al. [2-3] states 
that the coupling of the high jet and low jet can lead to strong upward movement. The studies of the 
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Matthew [4-5] have shown that thunderstorms often occur near the large-scale boundary layer, the strong 
atmospheric forcing can lead uplift such as shear can form quasi-linear convection. Ming Xue et al. [6-7] 
simulated a convection process with a high-resolution model, showed that the horizontal convective rolls 
substance (HCRs) can produce the maximum convergence and excite the surface convection, serious 
convective cells occurred in the maximum surface convergence zone.  Juan [8] found that the invading of 
the high-level cold air and the convergence warm shear formed by the mid-low level vortex system were 
the main reason of convective events. The convective initiation mechanism were fronts, gust fronts, 
trough line, dry line and the boundary impacting et al. Zhouhou Fu et al. [9] numerical simulated the hail 
and tornado events by the MM5 model to explore the differences causes between these two convective 
weathers. Youhong. [10] and Wang Xiuming [11] using WRF model to simulate the strong convective 
hailstorm process, found oblique updraft in super cell, the double "S" field is the result of vertical 
movement and the environmental wind field interaction. Yang Yinming [12] stated that the position and 
intensity of the mesoscale convergence line were corresponded with the convective events.  
In this paper, by using the numerical simulation and dynamic diagnosis method the initiation 
mechanism of the convections in Guangxi on 17 April 2007 and on 21 July 2004 were comparison 
studied. 
 
2. Dynamic system comparison  
Because the two events influenced in northeast Guangxi, caused the strongest convective weather in 
Guilin, while Guilin locates in 25 °N, 110°E, so the profile along 110°E.  The two strong convection 
processes also occurred in mid afternoon, select the 14 h data when the two processes occurred very 
closely to analysis the dynamic characteristics. 
Fig 1 was the flow and θse high - latitude profile along 110°E, a indicate 14:00 BST 17 April 2007. 
The strong updraft located between 23°N to 25°N, the convective weather affected the northeast of 
Guangxi. The north wind move low level from high level from 200hPa between 33°N to 25°N area. 
These were the dry cold air invading. At the same time there was south wind. The north flow intersected 
the south flow in the north region of Guangxi, forming strong updraft. The θse on 600hPa level was 326K 
in nearly 23°N, but 348K at the lower layer, the θse was reduced along height from 1000hPa to 600hPa, 
This process was conditionally unstable state. 
 
 
 
 
 
 
 
 
 
Fig 1b was the flow and θse high - latitude profile along 110°E at 14:00 BST 21 July 2004. There was 
no cold air influence, as consistent south airflow. Updraft flow was mainly near 25°N. Downdraft 
flow was near near17°N on 300hPa level. There was high level wind moving down. The south 
airflow caused convective weather being forced uplifting by topography in the process of moving 
northward. The θse on 600hPa level was 338K, reduced along height. But the range was not more 
than that of on 17 April 2007. The range and intensity of strong convection weather on 17 April 
2007 was more serious than that on 21 July 2004. But there was air flow moving down from 300hPa 
nearly 17°N. There may be a high jet and low jet stream coupling effect. 
3. The comparison of the water vapor condition  
 
Fig. 1  The vertical cross section of theθse and the wind stream along 110°E 
(a indicate 14:00 BST 17 Apr 2007, b indicate 14:00 BST 21 Jul 2004, the dash line indicate the θse curve) 
 
 
181 Xianghong Li et al. /  Procedia Engineering  37 ( 2012 )  179 – 185 
 
3. The comparison of the water vapor condition  
To analyses the 850hPa water vapor flux distribution of these two processes. On 17 April 2007 the 
water vapor come from the southwest airflow before trough, from the South China Sea and the bay of 
Bengal. On 21 July 2004 the water vapor flux was mainly from southeast air flow at the bottom of the 
Subtropical High and from Philippines, the largest center value reached 18g.kg-1.The relative humidity 
and wind vector section of theses two processes revel the water vapor vertical distribution was different. 
On 17 April 2007 , the relative humidity contour concentrated belt existed, corresponding with the cold 
front, From 34°N to 26.5°N , the relative humidity dry belt invaded from high level downward reveled 
dry air intrusion, while at 24°N to 26°N, the strong relative humidity uplifting , providing adequate water 
vapor for hail. On 21 July 2004, no relative humidity contour concentrated belt, no front zone. At the 
same time water vapor uplift was not apparently than that of on 17 April 2007, did not provide adequate 
water supply for hail formation, so there were no hail, only gale. 
 
4. Numerical Simulation 
With the WRF model and NCEP 1 ° × 1 ° data the two processes were simulated, the simulation 
outputs were provided per hour. Horizontal center of the simulated region is 22.2 ° N, 110.5 ° E. There 
were 336*257 horizontal grid s.  The horizontal grid distance was 5km. The calculate range was about: 
16.5 ° N ~ 28 ° N, 103 ~ 118 ° E. 
The WRF model was used to simulate the Reflectivity and wind for these convective cases.The 
vertical cross section of reflectivity and vertical velocity showed that the large reflectivity value area was 
just corresponding with the strong vertical velocity area, The maximum vertical velocity reached 0.8m / s, 
corresponded the maximum reflectivity getting 40dBz (Fig.2a) at 15:00 BST 17 April 2007. And Fig.2b, 
that at 18:00 BST 21 July, 2004, the maximum reflectivity only reached 20dBz, the upward motion was 
not more than that at 15:00 BST April 17th, 2007. Another significant difference was that the large 
reflectivity value area extends from 900hPa to 300hPa (Fig. 2a), There was not only damage wind but 
also large hail on 17 April 2007. While large reflectivity value area was on above 500hPa on 21 July 2004 
(Fig. 2b), so the disaster was only damage wind, no obvious hail.  
Base the radar reflectivity algorithm as follows: 
 
Z =∑ˠ6i                                                                                                                            (1) 
Which, Di is the diameter of the particle, Z is the reflectivity.  
The vertical integral liquid algorithm as follows: 
 
             
                                                                                                                                                               (2) 
 
Zi is the reflectivity for the i-th layer. Ƹhi  is the height deviation between the i-th to the (i +1)-th 
layer. 
According to the formula (1) and (2), the vertical integral liquid on 17 April 2007 was significantly 
larger than that on 21 July 2004. Base the literature , There may be hail on 17 Apr 2007 process, and only 
damage winds on 21 July 2004.  
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5. Comparative study of convective initiation mechanism 
There were different synoptic scale backgrounds between these two convective processes. In order to 
explore the difference initiation mechanisms, the ω equation was used to analyses whether the  deviation 
of vorticity advection between 850hPa to 500hPa was more useful or the temperature advection at 850hPa 
level. 
The vertical velocities of these two cases near Guilin at 700hPa level were also -2s-1vertical. 
To introduction of ω equation: 
                                                                                                                         
                                                                       
˄3˅ 
     
 
 
The f is the Coriolis parameter. The σ is the stable stratification parameters. The ζg is the geostrophic 
absolute velocity. The Vg is the geostrophic wind. The R is the air constant parameter. The P is the 
pressure. The T is the temperature.  
The vorticity advection on 850hPa and 500hPa level and the temperature advection on 850hPa level 
datawere calculated by grid data.  
The deviation of vorticity advection                                       and the temperature advection             
 of  the ω equation were calculated to study which one is more contribution to the 
upward velocity on 17 April 2007 and on 21 July 2004.   
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Fig.2 The vertical cross section of reflectivity and vertical velocity 
(a: 15:00 BST 17 Apr 2007, b: 18:00 BST 21 Jul 2004, The shading indicates reflectivity value more than10dbz, intervals 
5dbzˈthe unit of w : m/s) 
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According to the literature [6], the left term of equation (1) can be written as: 
 
                                                                                                                                                                ˄4˅ 
 
                                                                                                                                                                ˄5˅ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the air move updraft, the ω value be negative, the right item of the equation (4) is positive, 
corresponding to the left item is also positive. So when the right item of equation is positive, ω values is 
negative, be upward motion. 
At 14BST 17 April 2007, the squall line and cold front affected Guangxi, the deviation of vorticity 
advection between 850hPa to 500hPa led strong vertical velocity (fig.3a1), while the temperature 
advection led less vertical velocity (fig.3a2). So the convective weather led by the strong front shear was 
mostly caused by deviation of vorticity advection between low and high level.  
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Fig.3 a1ǃˈa2˖Contributions of 850–500hPa vorticity advection and 700hPa thermal advection to vertical velocity at 14:00 BST 
17 Apr 2007, b1ǃb2˖Contributions of 850–500hPa vorticity advection and 700hPa thermal advection to vertical velocity at 
14:00 BST 21 Jul 2004, Positive values are associated with upward motion, unit: 10-13Pa.s-1.m-2) 
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At 14BST 21 July 2004, the subtropical high stretched westward strengthening and lifted northward, 
the deviation of vorticity advection between 850hPa to 500hPa led less vertical velocity (fig.3b1), while 
the temperature advection led strong vertical velocity (fig.3b2). So the strengthening of the southeast jet 
led strong temperature advection, strong updraft and convective weather. 
 
6. Conclusion and discussion 
Base the observation data and NCEP data, the two strong convective weather cases in Guangxi were 
studied, the results show that: 
˄1˅Two strong convective weather occurred in different large-scale background. The weather 
system of convective case on 17 April 2007 was the cold front and shear line. The weather system of 
convective case on July 21, 2004 was the extension westward of the subtropical high.  
˄2˅The θse section showed that two cases were conditional unstable. The wind flow profile showed 
that there are dry cold air invasion in the middle level with obvious instability strong uplift and of warm 
air on 17 April 2007. The cause of the case on 21 July 2004 was that southerly flow blocked by the 
mountainous terrain, causing the ground friction convergence uplift. 
˄3˅The analysis results of the ω equation show that the updraft of front shear style convective 
weather was caused by the deviation of vorticity advection between 850hPa to 500hPa.  While the updraft 
of the extension of subtropical high style convective was caused by the temperature advection. 
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